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[Abstract] In this paper, an electroweak model with mas-
sive neutrinos is proposed. Because of the mixing of neutrinos,
the conversion of one lepton type to another is possible, but
many of those kind processes are of extremely small possi-
bilities. The total lepton-number conservation still holds in
this model, so neutrinoless double beta decay is prohibited.
Though right-hand neutrinos are introduced into the model,
their coupling with matter fields is extremely small and there-
fore they are much harder to be detected in experiments.
Recently, strong evidence that neutrinos do have
nonzero masses has been found[1-4]. But in the Standard
Model, neutrinos are massless. In order to explain neu-
trino oscillation, some scenarios were put forward[5,6].
But in most of the models which contain massive neu-
trinos, the weak interactions of leptons are quite differ-
ent from those of quarks. If the Nature has beautiful
symmetry, quarks and leptons should have quite simi-
lar properties in weak interactions, and the fundamen-
tal theories on the electroweak interactions of quarks
and leptons should have the same structure. On the
other hand, it is known that, in the Standard Model,
all quarks have right-hand components but only charged
leptons have right-hand components. What cause this
asymmetry? In another words, why neutrinos have no
right-hand components while all quarks have right-hand
components? A fundamental theory should not have so
much arbitrariness and the fundamental rules for weak
interactions of quarks and leptons should be the same.
On the basis of this consideration, we will propose a new
electroweak model in this paper. This model inherits
most of the dynamical properties of the Standard Model
but contains massive Dirac neutrinos and is consistent
with experiments on weak interactions. More important,
according to this model, the fundamental rules on the
electroweak interactions of quarks and leptons are the
same, and the fundamental theories on their electroweak
interactions have the same structure in form[7]. As an
example, we only discuss leptons in this paper.
In order to do this in a more fundamental manner, let’s
discuss the symmetry of the Nature first. It is known
that the underlying symmetries of the Nature take a
fundamental role in constructing the Standard Model.
Two underlying symmetries are used in the Standard
Model, they are SU(2)L and U(1)Y [8-10]. But there
is another underlying symmetry of the Nature which is
not fully used in constructing the Standard Model. This
symmetry corresponds to one of the most strict con-
servation laws of the Nature which had been strictly
tested by experiments: the total lepton number con-
servation and total baryon number conservation. Be-
cause leptons and quarks are usually called matter fields,
we call this conservation matter number conservation.
This is a U(1) symmetry and is denoted as U(1)M at
present. So, the symmetry of this model is supposed to be
SU(2)L×U(1)Y ×U(1)M . We supposed that all leptons
and quarks carry matter number 1, all anti-leptons and
anti-quarks carry matter number −1, and vacuum car-
ries no matter number. Correspondingly, we need two
kinds of gauge fields F1µ and F2µ which correspond to
SU(2)L symmetry, two kinds of gauge fields B1µ and
B2µ which correspond to U(1)Y and U(1)M symmetry
respectively, and a third U(1) gauge field B3µ which con-
nects thess two U(1) symmetries. The coupling between
leptons and gauge field B1µ is determined by supercharge
Y and the coupling between leptons and gauge field B2µ
is determined by matter numberM . Under U(1)Y gauge
transformations, two U(1) gauge fields B1µ and B3µ will
have to transform accordingly, while under U(1)M gauge
transformations, two U(1) gauge fields B2µ and B3µ will
have to transform. So, there are five different kinds of
gauge covariant derivatives:
D1µ = ∂µ − igF1µ,
D2µ = ∂µ + igtgαF2µ,
D3µ = ∂µ − ig1B1µ Y2 ,
D4µ = ∂µ − ig2B1µM2 ,
D5µ = ∂µ + ig
′tgαB2µ,
(1)
where α is a dimensionless parameter and
g′ =
√
g21 + g
2
2 . (2)
Let e(i) represent e, µ or τ , and ν(i) represent the cor-
responding neutrinos νe, νµ or ντ . That is
e(1) = e, e(2) = µ, e(3) = τ,
nu(1) = νe, , ν
(2) = νµ, ν
(3) = ντ .
(3)
Leptons e(i) and ν(i) form left-hand doublets ψ
(i)
L and
right-hand singlets e
(i)
R and ν
(i)
R . The definitions of ψL,
1
eR and νR are the same as those in the Standard Model.
The mixing of neutrinos is accomplished through:


ν
(1)
θ
ν
(2)
θ
ν
(3)
θ

 = K

 ν
(1)
ν(2)
ν(3)

 , (4)
where K is the mixing matrix for neutrinos.
The Lagrangian of the model is
L = Ll + Lg + Lv−l (5)
Ll = −
∑3
j=1 ψ
(j)
L γ
µ(∂µ − igF1µ
+ i2 (g1B1µ − g2B2µ))ψ
(j)
L
−∑3j=1 e(j)R γµ(∂µ + i(g1B1µ − g22 B2µ))e(j)R
−∑3j=1 ν(j)θRγµ(∂µ − i2g2B2µ)ν(j)θR
(6)
Lg = − 14F iµν1 F i1µν − 14F iµν2 F i2µν − 14Bµν1 B1µν
− 14Bµν2 B2µν − 14Bµν3 B3µν
−v†[cosθW (cosαFµ1 + sinαFµ2 )
−sinθW (cosα(cosβB1µ − sinβB2µ) + sinαBµ3 )]
·[cosθW (cosαF1µ + sinαF2µ)
−sinθW (cosα(cosβB1µ − sinβB2µ) + sinαB3µ)]v
(7)
Lv−l = −
∑3
j=1(f
(j)eRv
†ψ(j)L + f
(j)∗ψ
(j)
L veR)
−∑3j,k=1(f (jk)ψ(j)L vνkθR + f (jk)∗νkθRv†ψ(j)L ),
(8)
where
F i1µν = ∂µF
i
1ν − ∂νF i1µ + gǫijkF j1µF k1ν
F i2µν = ∂µF
i
2ν − ∂νF i2µ − gtgαǫijkF j2µF k2ν
Bmµν = ∂µBmν − ∂νBmµ (m = 1, 2, 3),
(9)
v is a two-dimensional vacuum potential, v is given by
v = iσ2v
∗ =
(
v†2
−v†1
)
, (10)
and β is a dimensionless parameter which is given by:
sinβ = g2/g
′ , cosβ = g1/g′. (11)
It could be strictly proved that the above Lagrangian has
strict local SU(2)L×U(1)Y ×U(1)M gauge symmetry[7].
The symmetry breaking of the model is accomplished
through the phase transition of the vacuum. We could
suppose that the above Lagrangian describes a special
state of matter which exists in the condition of extreme
high temperature. This state is a special phase of vacuum
and may exist at a moment of Big Bang. Alone with
the decreasing of the temperature of the state, the phase
transition of the vacuum occurs. After phase transition,
the vacuum potential changes into:
v =
(
0
µ/
√
2
)
. (12)
After symmetry breaking, only U(1)Q and U(1)M sym-
metries are preserved.
In eq(8), parameters f (j) and F = (f (jk)) are selected
as:
F =
√
2
µ
K

 Mνe Mνµ
Mντ

K†
f (1) =
√
2Me
µ
, f (2) =
√
2Mµ
µ
, f (3) =
√
2Mτ
µ
.
(13)
Gauge fields F1µ, F2µ, B1µ, B2µ and B3µ are not eigen-
vectors of mass matrix. In order to obtain the eigenvec-
tors of mass matrix, three sets of field transformations
are needed:
B4µ = cosβB1µ − sinβB2µ
B5µ = sinβB1µ + cosβB2µ,
(14)
Wµ = cosαF1µ + sinαF2µ
W2µ = −sinαF1µ + cosαF2µ
C1µ = cosαB4µ + sinαB3µ
C2µ = −sinαB4µ + cosαB3µ,
(15)
and
Zµ = sinθWC1µ − cosθWW 3µ
Aµ = cosθWC1µ + sinθWW
3
µ
Z2µ = sinθWC2µ − cosθWW 32µ
A2µ = cosθWC2µ + sinθWW
3
2µ.
(16)
Because these transformations are pure algebra opera-
tions, they do not affect the symmetry of the Lagrangian.
Finally, the Lagrangian density changed into the fol-
lowing form:
Ll + Lv−l = −
∑3
j=1 e
(j)(γµ∂µ +M
(j))e(j)
−∑3j=1 ν(j)(γµ∂µ +M (j)ν )ν(j)
+ 12
√
g2 + g′2sin2θW jemµ (cosαA
µ − sinαAµ2 )
−
√
g2 + g′2jzµ(cosαZ
µ − sinαZµ2 )
+
√
2
2 ig(
∑3
j=1 ν
(j)
θLγ
µe
(j)
L )(cosαW
+
µ − sinαW+2µ)
+
√
2
2 ig(
∑3
j=1 e
(j)
L γ
µν
(j)
θL )(cosαW
−
µ − sinαW−2µ)
− i2g′sinβ
∑3
j=1(e
(j)
R γ
µe
(j)
R − ν(j)R γµν(j)R )
·(−sinβcosα(sinθWZµ + cosθWAµ)
+sinβsinα(sinθWZ2µ + cosθWA2µ) + cosβB5µ)
(17)
Lg = − 12W+µν0 W−0µν − 14ZµνZµν − 14AµνAµν
− 12W+µν20 W−20µν − 14Zµν2 Z2µν − 14Aµν2 A2µν
− 14Bµν5 B5µν − µ
2
2 Z
µZµ − µ2cos2θWW+µW−µ + LgI
(18)
2
where, LgI only contains interaction terms of gauge
fields. In the above relations, all strengths of gauge fields
have the following form:
Aµν = ∂µAν − ∂νAµ (19)
where A represents W, W2, Z, Z2, A, A2, or B5. The
definitions of some other arguments are:
W±mµ =
1√
2
(W 1mµ ∓ iW 2mµ)
(m = 1, 2, W1µ ≡Wµ),
jemµ = −i(eγµe+ µγµµ+ τγµτ),
jZµ = j
3
µ − sin2θW jemµ .
(20)
From the above results, it could be seen that, all lep-
tons are massive, gauge bosons W± and Z are also mas-
sive, but gauge fields A,A2, Z2,W
±
2 and B5 are massless.
The mass relation between W± and Z is similar to that
in the Standard Model. The current structures in this
model, especially the charged current structures, are also
similar to those in the standard model. Besides, it could
be noticed that, there exist two different electromagnetic
fields Aµ and A2µ, so there exist two different coupling
constants of electromagnetic interactions.
e1 =
gg′√
g2 + g′2
cosα , e2 =
gg′√
g2 + g′2
sinα. (21)
The real electromagnetic field in Nature is the mixture
of these two electromagnetic fields Aµ and A2µ, and the
effective coupling constant of the electromagnetic inter-
actions should be
e2 = e21 + e
2
2 , e =
gg′√
g2 + g′2
. (22)
So the value of the parameter α doesn’t affect the value
of the effective coupling constant of electromagnetic in-
teractions.
It is expected that the parameter α and β should be
small, so the contributions come from massless gauge
fields and right-hand neutrinos will be very small and
the present model will not contradict with high energy
experiments.
It is generally believed that neutrinos detected by ex-
periments are left-hand neutrinos and right-hand anti-
neutrinos. In this model, though right-hand neutrinos
are introduced, but they only couple with neutral cur-
rents and the corresponding coupling constant is about
sin2β × ordinary weak coupling constant. Because sinβ
is very small, any process contains right-hand neutrinos
will be extremely weak. Therefore, neutrinos detected by
experiments are mostly left-hand neutrinos, and right-
hand neutrinos is very hard to be detected. The Nature
still has no left-right symmetry and the P Parity is not
conserved. Besides, right-hand neutrinos have no direct
coupling with charged leptons, so almost all neutrinos
generated from β decay are left-hand neutrinos. That
make them more difficult to be found in experiments.
Because of neutrinos’ mixing, the lepton-number is not
separately conserved. But no total lepton-number violat-
ing term is introduced, so the total lepton-number is still
conserved. In another word, one type of lepton can con-
vert into another type of lepton through neutrino mixing,
but the total lepton number is not changed in this pro-
cess. So, any process which will change the total lepton
number, such as double beta decay, is prohibited by this
model. This selection rule originate from U(1)M symme-
try.
Though lepton-number is not separately conserved,
some lepton-number-violating processes, such as µ− →
e−γ, τ− → µ−γ and τ− → e−γ, will be extremely weak.
As an example, let’s discuss µ− → e−γ. In this process,
all neutrinos appear as inner lines of a Feynman diagram.
Suppose that this µ− changes into a left-hand neutrino
and a W− particle and both of them are inner lines of
a Feynman diagram. The Feynman propagater for neu-
trino is < 0|νν|0 >=< 0|νLνR|0 > + < 0|νRνL|0 >.
If one end of propagater is νL, another end must be νR.
But right-hand neutrinos have no direct interactions with
electrons, nor with W− particle, it has to interact with
a neutral gauge boson to become νR which is at one end
of a new neutrino inner line. The other end of this neu-
trino inner line must be νL which interact with W
− to
produce an electron. This diagram is at least at one-loop
level. Besides, the right-hand neutrinos have very weak
coupling with gauge bosons. Both factors will make the
branch ratio of this process extremely small.
In this model, two things are accomplished simultane-
ously: the introduction of neutrino mass and the disap-
pearing of Higgs particle through introducing a new but
familiar charge — total lepton number and total baryon
number, and another set of gauge fields. The structure
of this model is completely determined by the symmetry
of the model. This model is renormalizable[7]. If we did
not add the restriction of minimal on the theory, we could
also construct a lot of models which contain massive neu-
trinos and even the Higgs particle[7]. A minimum model
that contains both massive neutrinos and Higgs particle
is that[7]:
L = Ll + Lg + LH−l + LH (23)
where LH is the Lagrangian for Higgs fields which is the
same as that in the Standard Model, Ll is given by eq(6),
LH−l is given by eq(8) but should replace vacuum poten-
3
tial with Higgs fields, and Lg is given by:
Lg = −1
4
F iµν1 F
i
1µν −
1
4
Bµν1 B1µν −
1
4
Bµν2 B2µν . (24)
This model has some interesting properties but has more
independent parameters than the previous one[7]. Be-
sides, its structure is relatively more loosy.
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